The demand for dairy products globally is increasing. No exception for yogurt. As a quick and healthy drink, yogurt's consumers demand lower fat content for health reasons. yogurt loss its original texture and viscosity if the fat content is lower than normal. To resolve the issue, fat replacers are added to the low-fat yogurt. In this study we used enzymatically modified potato starch as the fat replacer. The results showed that the characteristic of low-fat yogurt with the addition of modified starch with amylosubtilin and amylase from Bacillus licheniformis are quite similar to native starch.
Introduction
Milk is known for its nutritional value for human. As the source of energy and also for the fulfillment of the micronutrients such as minerals and vitamins. In this age, milk is consumed not only in its original form. With the help of nature and technologies, a wide variety of dairy products can be enjoyed now. For example cheese, butter and yogurt. The demand for dairy milk products as mentioned by International Dairy Federation [1] is always increasing. In the year of 2015, global per capita dairy consumption was estimated at 111.3 kg. According to the OECD and FAO, this number should increase 12.5% by 2025.
One of the favorite dairy products is yogurt. Yogurts are prepared by fermentation of milk with bacterial cultures consisting of a mixture of Streptococcus subsp. thermophilus and Lactobacillus delbrueckii subsp. bulgaricus. The milk solids content (including the fat content) for yogurt ranges from around 9 % for skim milk yogurt to more than 20% for certain types of concentrated yogurt. Many commercial yogurt products have milk solids contents of 14-15% [2] . Consumers who concerned with the health are now demanding low or even non-fat yogurt. As the fat content loss, yogurt's sensory and organoleptics characters are also changed.
Fat solids reduction in yogurt has been associated with poor texture, where commonly the fat removed is substituted by skim milk powder, sodium caseinate, or whey protein concentrates. The amounts required of these ingredients to achieve the total solids content similar to that of the full-fat yogurt can lead to a powdery taste, excessive acid development from lactose fermentation, excessive firmness, higher whey expulsion, and grainy texture [3] .
In order to receive low-fat yogurt with the same texture and consistency, usually fat replacers are added. Fat replacers are ingredients that can be incorporated into food products like chees [4] , yogurt [5] , and food functional ingredients [6] . Hydrocolloids (gelatin, xanthan gum, carrageenan and modified starch) effect to texture, rheology, syneresis and lubrication properties of skim potset yoghurt [7] . Here in this study we use enzymatically modified potato starch as the fat replacers. Especially the modified potato starch with the help of amylosubtilin and amylase from Bacillus licheniformis.
Materials and Methods

Fermented Milk Preparations and Starch
The cow's milk pasteurized (according to GOST 31450-2013 standard) which was subjected then to centrifugation at 3000 g acted as an object of a research, received milk fat content of 1,8 %.
The analysis of physical and chemical properties of milk tested by Milk analyzer "Klever-2M" with the method recommended by the producer (Biomer, Russia).
Strains of Lactobacillus delbrueckii subsp. bulgaricus strain 51, and Streptococcus thermophilus were used for yogurt fermentation in 37° C for 16 hours as the starter culture. Milk without starches was used as control, 2% by weight of starch was added to the test samples then heated with constant stirring. After cooling the milk-starch mixture starter culture was inoculated 5% v/v. Incubation at 37°C until the pH reached 4.5-4. The pH was measured with a pH meter every hour.
Native potato starch (according to GOST P52791-2007 standard) was used for the experiment. Modification of this starch was based on the application of Amylosubtilin® (AM) and Amylase from Bacillus licheniformis (Bl) of different concentrations (Table 1) .
Modification was carried out in water (30 g/ 100 ml), pH=7, 40°C for 1 hour. The hydrolysis reaction was stopped with the addition of concentrated sulfuric acid (pH = 2). The starch was afterwards separated from the liquid by filtration and dried at 40 °C. The starches were used for further research. Physicochemical and morphological characterization of potato starches modified by bacterial amylases have been described by us earlier [8] . 
Quantitative Chemical Analysis of Yogurts
Analysis of protein, fat, carbohydrates, density and solids of the yogurt was performed on the InfraLUM® FT-12 (Russian Federation) with appropriate software and calibration data for the product "yogurt".
Acidity Analysis. pH measurements were carried out by using a digital pH meter (HI 2216, Hanna Instruments, Germany).
The titratable acidity in homemade yogurt was estimated by titration a suspension (10 g yogurt in 20 ml distilled water). The samples was boiled to drive off the carbon dioxide and cooled. The sample then was titrated with 0.1M sodium hydroxide (NaOH) to pink color in the presence of 1% of phenolphthalein as indicator and expressed as percent lactic acid. Lactic acid (mmol/g product) is calculated as follow: 0.9 ml of alkali x Normality of alkali Lactic acid x Weight of sampling =
Water holding capacity (WHC) and syneresis analysis [9] . Samples of fermented milk (about 20 g) (Y) after cooling to +4 ° C in 24 hours of storage were centrifuged for 10 minutes at 3000 rpm, +20°C. The released serum (W) was removed and weighed. The Water-holding capacity of fermented milk is calculated by formula:
Syneresis was measured after samples (about 20 g) were cooled to +4°C in 24 hours of storage (Y). Samples were centrifuged for 5 minutes, 500 rpm in + 20°C. The released serum (S) was removed and weighed. Syneresis of fermented milk is calculated by the formula:
The results are in grams of water/100 g of the product. Viscosity Measurement. The viscosity was determined from the time of expiration of the yogurt from a 25 ml pipette with an internal diameter of the outlet 5 mm and expressed in seconds. The test is carried out at a temperature of 20°C.
Sensory Evaluation. Yogurt samples were evaluated by panelist. A hedonic scale of 1 (extremely dislike) to 10 (like extremely) was used for flavor, 1 (poor) to 3 (excellent) for odour, 1 (poor) to 10 (excellent) for texture and consistency, and 1 for the yogurt appearance. Defects were also asked if any detected. Each participant received 30 ml yogurt (at 12°C) in a 100-ml glass vial with a twistoff lid.
The color parameters (L*, a*, and b*) of the yogurt samples were measured using a colorimeter Chroma Meter (China) [10] . Different values represent different colors: L*,darkness-lightness (0-100); a*, greennessredness (−60 -+60); b*, blueness-yellowness (−60 -+60). Yogurt samples (50 ml) were stirred and placed in an aluminium cylinder (outside diameter 55 mm), with the surface optically flat before measuring, and the sensor was mounted directly on top of the cylinder to prevent ambient light noise.
Statistical Analysis
All experimental data were obtained as a result of at least three parallel experiments, the results of analytical determinations for each sample in two or three parallel experiments. The tables and figures showed data from typical experiments, each value being the average of three to five determinations. Only those results that were reproducible in each experiment are discussed.
Results and Discussion
Chemical composition
The chemical composition of yogurts with different fatreplacers is shown below in Table 2 . The total solids, protein, whey protein, and fat contents in all treatments ranged between 10.8 and 12.5%; 4.2 and 4.4%; 3.0 and 3.2%; 1.7 and 1.8% respectively.
For example, whereas AM-1 and Bl-1 had approximately the same solids content, protein and whey protein. The highest total solids for treatment was founded in AM-0.5 yogurt while the lowest in Bl-0.05.
Compared to the control, all treatments had higher total solids percentage but still lower than the native. The highest protein content was detected also in AM-0.5 with the percentage of 4.38 while the lowest also in Bl-0.05 with 4.19% protein.
Whey protein content were detected in the highest content within Bl-1 treatment while the lowest in Bl-0.1 treatment. Highest carbohydrates content was found in AM-0.1 treatment and native with 6.98% while the lowest in control with 4.85 %. Carbohydrates and solids in experimental samples are increased by adding 2% starch. Generally, all the treatments resulted in low-fat yogurts had higher total solids and in accordance with the Codex Standard for Fermented Milk, which contained minimum 4% of protein [11] . 
Acidity Analysis
This parameter is considered as control to measure the fermentation time. The changes of pH before and after the cooling step indicate the activity of the initiator culture and its capacity to produce lactic acid from the lactose. Yogurts' pH and titrable acidity results are shown in Figure 1 below. Compared with the control, all the treatments except Bl-0.5 were resulted in pH below 4.5. Table 2 . It had the lowest content of lactose. Compared to native, all treatments generally have better performance in producing lower pH and higher lactic acid concentrations.
Textural Characteristic
The texture of yogurt mainly depends on the content of protein and fat in yogurt. AM-0.1 exhibited the lowest syneresis with the value of 8.41 g water/100 g product while Bl-0.1 showed the highest syneresis level with the value of 10.43 g water/100 g product (Table 3) . We found that all the treatments gave higher syneresis and only A-0,1 treatment gave lower syneresis than native. The most important causes for syneresis in fermented products include the use of high temperatures of incubation, low solids content or inadequate storage temperatures [12] .
Viscosity is one of the major parameters for research in semiliquid food products [13] . Some authors have indicated that smoothness is a highly desirable sensory characteristic in food emulsions such as dairy products. Smoothness can be related to creaminess and thickness, which depends on the viscosity. The highest viscosity was detected in treatment AM-0.5 with the value of 3.2 sec and the lowest in treatment Bl-0.05 with the value of 2.3 sec.
Then the WHC of all treatments not really differ much. The lowest WHC was founded in A-1 with 32.83% and the highest in B-1 with 33.39%. Compared to the native, WHC percentage was lower in all treatments. This also applied in viscosity which only A-0,5 value gave near the same viscosity value as the native.
It has been postulated that the fat-mimicking properties of starch granules result from the association of water-carbohydrate molecules and association of the released linear amylose molecules, which can give rise to viscosity increases and gelation [14] . Oh and others (2007) [15] also reported that with the addition of starch the protein network remained as a continuous dominant phase. Table 4 showed the sensory evaluation of all the yogurt treatments. The sensory analysis showed that attributes such as Appearance did not differ between the yogurt samples (Table 4) . From the results, all of the treatments had better consistency than the control.
Sensory Evaluation
Also the odour and flavor were the same or better than control, except for B-0,5 yogurt. The best flavor was in B-0,1 treatment. Yogurts with starches AM-0.5, Bl-1 and Bl-0.1 have the highest total scores, according to the testers have a balanced taste and aroma ( Figure 2 ). (Table 5 ). Starch-stabilized and control yogurt had same L. However, most stabilized yogurts have the lower a and b value than control. The Bl-0.1-yoghurt had colorimetric characteristics like control yogurt.
Conclusion
Yogurt fermentation involves the conversion of lactose to lactic acid by bacteria, reducing the pH to 4.6. Use of modified potato starches as fat-replacers in low-fat yogurts produced positive effects to varying degrees including the producing of lactic acid. A wide range of physical textures to meet consumers' expectations could be obtained in yogurt by using different modification of potato starches. This study showed that the characteristics of yogurt formulated with modified potato starch of amylosubtilin and amylase are similar to those of native potato starch formulated yogurt; therefore, this can be used as an alternative in a low-fat yogurt.
